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METHODS
Morphometric and meristic data collection techniques followed Hubbs and Lagler (1964) and Chernoff et al. (1982) except for modifications detailed below. Dorsal-fin and pelvic-fin lateral-line measurements were the vertical distance between origin of each fin and the lateral line. Orbit diameter was the greatest horizontal distance between the fleshy rims. Length of the basioccipital was from the pharyngeal pad to the most posterior projection, and widths were measured just posterior to the pharyngeal pad (basal width) and at the posterior margin. All basioccipital process measurements were made with a dissecting microscope and ocular micrometer or with calipers and a microscope. Circumferential scale counts above and below the lateral line were made two scale rows anterior to dorsal fin; total body and caudal peduncle circumferential scale counts were the sum of each location pair plus two lateral-line scales. Proportions were derived by dividing raw measurements by standard length (SL). Institutional abbreviations follow Leviton et al. (1985) .
Most specimens of Rio Grande Hybognathus used in this study were from the Rio Grande in New Mexico (RGNM), the Pecos River in New Mexico (PRNM), and the Rio Grande in Texas downstream of the Pecos River confluence (RGTX). Small samples from the Rio Grande near Big Bend and the Pecos River in Texas were not statistically different than those from the RGTX and were combined. Other Hybognathus species were represented mostly by specimens from single collections although H. placitus and H. nuchalis were from two and four localities, respectively. Statistical analyses were conducted using Statistical Analysis Systems statistical software (SAS Institute, 1988). Morphometric variables were log transformed. Sample sizes of specimens from RGNM, PRNM, and RGTX were about equal. A random subset of 16 males and 24 females, from which all measurements were taken, was used to characterize sexual dimorphism. Analysis of covariance (ANCOVA, SAS PROC GLM) was used to analyze each measurement; log SL was the covariate. Use of a covariate removed morphometric variable variation associated with overall body size, allowing a more equitable comparison across groups (i.e., sexes, regions, and species). The ANCOVA assumption of parallel regression lines among groups was tested, and only variables that met this assumption were compared. Untransformed meristic variables were subjected to analysis of variance (ANO-VA). When overall F-tests were significant, group differences were determined by leastsquares means procedures. The large number of univariate variables evaluated warranted use of the Bonferroni correction, where the probability value for acceptance of a significant difference was 0.05 divided by the number of comparisons (Harris, 1975 To test whether grouping specimens a priori into the arbitrary RGNM, PRNM, and RGTX regions was appropriate, we subdivided specimens from those regions into three subsamples each. The RGNM and PRNM subsamples of 30 specimens each were from single collections. Due to a paucity of specimens, the three RGTX samples were composites of two or more collections: a Pecos River, Texas, collection was combined with three collections from the Rio Grande downstream of its confluence with the Pecos River to near Laredo (n = 22 specimens); two collections from near Brownsville were combined (n = 22); and the Rio Grande Big Bend sample was a composite of five collections (n = 13). Thus, nine subsamples and 237 specimens were used, and discriminant analysis classified individual specimens to subsamples. Presumably, if classification rates of specimens to subsamples approached classification rates achieved for the three arbitrary regions, then regions may not be the appropriate scale to examine intraspecific variation in H. amarus. Anal-and pelvic-fin bases and interradial integument immaculate. Pectoral-fin melanophores variable, usually on rays 1-4 (range 1-9), and darkest on leading ray. Dorsal-fin rays pigmented, integument between rays 1 and 6 has a few melanophores. Caudal-fin rays with melanophores but none on membranes. Life colors and pigmentation as above but lighter. pectoral-fin shape differences were previously described. Sex of 27 of 30 nonreproductive specimens (90%) was correctly identified using pectoral-fin size and fin shape differences. Sexual dimorphism was not noted for any meristic variables.
Intraspecific variation.-Univariate comparisons of morphometric variables of specimens from RGNM, PRNM, and RGTX revealed that only body depth, pelvic-fin origin-lateral-line distance, caudal-peduncle least depth, bony interorbital distance, and upper jaw length met the equality of slopes requirement of ANCOVA. Body depth was significantly different only between RGNM and PRNM, whereas pelvic-fin origin-lateral-line distance and caudal-peduncle depth were significantly different between RGNM and both PRNM and RGTX. Bony interorbital distance was significantly different only for RGTX and PRNM. Upper jaw length was not significantly different among regions.
Univariate analyses of 13 meristic variables (pharyngeal tooth, gill raker, pectoral-and pelvic-fin ray, and preopercular pore counts ex- cluded) revealed differences among regions (significant overall F-tests) for all except dorsaland caudal-fin ray counts. Least-squares means tests for the 11 remaining variables showed seven significant differences between RGNM and RGTX, 10 between RGNM and PRNM, and 11 between RGTX and PRNM. Plots of principal component scores for meristic variables (not shown) showed broad overlap among the three regions. The best separation of specimens to regions was provided by plots of scores of sheared principal components II and III for morphometric variables (Fig. 3) . Dorsal origin-caudal base, dorsal origin-occiput, and pelvic origin-snout variables contributed most to the minimal separation of groups along the sheared PCA II axis (Table 5) .
Discriminant analysis performed on lateral line, predorsal, total body circumference, total caudal peduncle, and caudal peduncle above lateral-line scale variables correctly classified 77% (RGNM), 78% (RGTX), and 67% (PRNM) of the specimens. For each region, classification errors were distributed about equally among the other two regions. Morphometric variables (pelvic-fin origin-snout, body depth, caudal-peduncle length, head width, orbit diameter, and pectoral-and pelvic-fin lengths) subjected to discriminant analysis yielded classification rates of 93% (RGNM), 94% (PRNM), and 83% (RGTX). Classification errors were equally distributed among regions.
Individuals of H. amarus were correctly classified to subsamples (n = 9) an average of 40% (20-75%) of the time with meristic variables. Morphometric variable classification rates averaged 81% (67-100%) for samples from RGNM and PRNM that were composed of single collections but were only 40% (31-50%) for samples from RGTX that were composed of multiple collections.
Univariate ANCOVA for basioccipital measurements of H. amarus from different regions indicated parallel slopes for basal and posterior (Table 6 ). We focused on detailed comparisons ofH. amarus with H. nuchalis and H. placitus, species with which the former has been previously confused.
Observations indicated H. nuchalis was larger and more deep-bodied and laterally compressed than H. amarus. The snout of H. nuchalis was sharper, more wedge-shaped, and from ventral view overhung the upper lip less. A line extending horizontally backward from the tip of the upper lip intersected the eye in H. nuchalis, whereas the line was below the eye in H. amarus. The lateral band of H. nuchalis was less distinct and intersected the lateral line on the caudal peduncle. Scale outline was more distinctly diamond-shaped, with some melanophores distributed ventrally to the lateral line on the caudal peduncle, and the snout and upper lip were heavily pigmented (pigment sometimes on terminus of lower jaw).
The posterior margin of the basioccipital H. nuchalis was generally more deeply notched producing prongs rather than the shallow, nearly emarginate concavity of H. amarus ( Fig. 2 ; see also figs. 18 and 21 in Niazi and Moore, 1962). The preopercle of H. nuchalis was less robust; lower limb was longer and pointed anteriorly; and the interopercle was shorter, less deep, and less massive than H. amarus (Fig. 2) . The ventral edge of anterior wing of the hyomandibula in H. nuchalis sloped backward rather than being sharply truncate as in H. amarus.
Least-squares means comparisons showed significantly shorter dorsal origin-snout, dorsal origin-occiput, pelvic origin-snout, and pelvicfin lengths. Significantly narrower body, head, fleshy interorbital, bony interorbital, and gape widths in H. nuchalis than H. amarus (Table 1) Hybognathus placitus had significantly shorter dorsal-fin origin-snout and occiput, pelvic-and anal-fin origins-snout, dorsal-and pelvic-fin origin-lateral-line distances, shorter anal-and pelvic-fin lengths, smaller body depth, bony and fleshy interorbital widths, and orbit diameter (Table 1) . However, H. placitus had significantly greater dorsal-fin origin-caudal-fin base distance, snout length, and gape width. Qualitatively, mean upper jaw length/mean orbit diameter ratio for H. placitus was greater than unity (0.056/0.046) whereas that of H. amarus Comparisons with all Hybognathus species.-Principal components analysis of meristic variables (not shown) showed broad overlap in variation among most Hybognathus species. The H. amarus cluster almost completely encompassed all other species. Hybognathus hankinsoni and H. argyritis were distinctly separated along PC II, and both were nearly separated from H. hayi, H. placitus, and H. regius along PC III.
Plots of scores from sheared PC II and III for morphometric variables showed that H. amarus clustered with H. argyritis, H. nuchalis, and H. placitus along sheared PC II (Fig. 4) . Dorsal origin-and anal origin-caudal base and dorsal origin-occiput variables loaded most heavily on sheared PC II whereas body depth, dorsal origin-anal origin and anal origin-caudal base variables loaded most heavily on sheared PC III (Table 5) . Each of the four species in that cluster has relatively small dorsal originand anal origin-caudal base measurements and relatively long dorsal origin-occiput measurements (Table 1, 
DISCUSSION
Systematics of H. amarus were confused historically, in large part because of unquantified intraspecific variation and morphological similarity to other Hybognathus species. Comparisons among species revealed that the small maximum body size, rounded body cross-section, moderate orbit diameter and body circumferential scale count, wide gape width, and differences in the basioccipital process distinguish H. amarus from congeners (Table 6 ). Our analyses of meristic, morphometric, and osteological characteristics combined with previous investigations (Pflieger, 1980 Hybognathus amarus displays little sexual dimorphism in morphometric or meristic variables. Only pectoral-fin length is a reliable segregating character. Other statistically significant dimorphic differences are reliable only when specimens were reproductively ripe. Because sexual dimorphism detected by univariate analyses in H. amarus was limited to pectoralfin length, sexes were combined in further analyses.
Intraspecific variation in H. amarus was investigated to determine whether designation of other taxa or subspecies was warranted. Although univariate comparisons of morphometric and meristic variables indicated differences among the three geographic regions within its historic range, no consistent affinity pattern (positive or negative) was noted between region pairs.
Principal component analyses of meristic and morphometric variables and pharyngeal process measurements did not provide good separation of specimens from different geographic regions. Alternatively, discriminant analysis classified specimens ofH. amarus to appropriate geographic regions at moderately high rates for meristic variables and at high rates for morphometric variables. 
